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Abstract 
This work investigated corrosion of carbon steel in the CO2 capture process using various types of CO2 absorption 
solvents. The tested solvents included monoethanolamine (MEA), diethanolamine (DEA), methyl diethanolamine 
(MDEA), 2-amino-2-methyl-1-propanol (AMP), piperazine (PZ), and their blends. A series of laboratory corrosion 
tests was carried out using electrochemical techniques (cyclic potentiodynamic polarization and impedance 
measurements) under CO2 saturation and 80°C for most experiments. Results show that the corrosivity order for the 
single amine systems was MEA > AMP > DEA > PZ > MDEA while the corrosivity order for blended amine systems 
was MEA- - -MDEA > MDEA-PZ > AMP-PZ. 
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1. Introduction 
One of the major problems associated with the amine-based carbon dioxide (CO2) capture process is 
corrosion of process components which results in unexpected downtime, production loss and even major 
fatality. It was estimated that 25% of the maintenance cost for gas sweetening plants was committed to 
corrosion control [1]. It is the operating parameters such as process temperature, amine type and 
concentration, CO2 content and the presence of degradation products, that determine the extent of 
corrosiveness within these plants. Most published corrosion literatures are for Monoethanolamine (MEA) 
[2-6], and very few literatures are for other single amines such as Methyldiethanolamine (MDEA), 
Diethanolamine (DEA), 2-Amino-2-methyl-1-propanol (AMP) and blended amines. This work 
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investigates corrosion in the CO2 capture process using various types of CO2 absorption solvents. This 
will allow us to explore the promise of such solvents in an aspect of the potential operational problems in 
the application of CO2 capture from coal-fired power plant flue gas. The research involves comparative 
corrosion analysis in terms of corrosion rate obtained from experiments and by theoretical analysis. 
2. Experiments 
The corrosion evaluation was experimentally carried out using electrochemical techniques including 
DC-cyclic potentiodynamic polarization and AC-impedance measurement. The material tested was 
carbon steel 1018 and the tested CO2 absorption solvents include MEA, DEA, MDEA, AMP, piperazine 
(PZ) and their blends. The experimental conditions were at 5.0 kmol/m3 amine concentration with CO2 
saturation and 800C, for most tests in order to simulate an aggressive corrosive environment. The results 
are presented in terms of corrosion rate and tendency of localized corrosion. The nature of the passive 
layer formed in each system was determined with the help of impedance measurement at the passivation 
potential. Weight loss experiments were also carried out under the similar operating condition as that of 
electrochemical experiments. The tested weight loss samples were further analyzed for corrosion products 
using SEM and XRD analysis.  
3. Result and Discussion 
The corrosion of CS1018 in aqueous solutions of five single amines were examined under CO2 
saturation and 80°C. The polarization results in Fig. 1-a show that the MEA system exhibits the highest 
anodic and cathodic current densities, followed by AMP, DEA, PZ, and MDEA. This suggests the 
corrosion rate can be ranked in order of: MEA > AMP > DEA > PZ > MDEA (Fig. 1-b). This trend of 
corrosion rate is in a good agreement with what was stated in the literature [7] in that the primary amines 
are more corrosive than the secondary amines, which in turn are more corrosive than tertiary amines. 
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Fig. 1.  Corrosion behaviour of CS1018 in single amine systems at 80°C and CO2 saturation (5.0 kmol/m3 of MEA, 
DEA, MDEA and PZ; 4.0 kmol/m3of AMP); (a) polarization behaviour and (b) corrosion rate  
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The cyclic polarization curves in Fig. 2 show pitting in DEA and PZ systems. However, the pitting 
tendency was minimal, as its repassivation potential (Erp) was close to the pitting potential (Eb). The 
extent of corrosion damage can be observed from the differences in the surface morphologies of the fresh 
and tested specimens in Fig. 3.  
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Fig. 2.  Cyclic polarization curves of CS1018 in 5.0 kmol/m3 amine solutions at CO2 saturation and 80°C (a) DEA 
system and (b) PZ system 
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(c) 
Fig. 3.  SEM images of CS1018 (a) fresh specimen before test, (b) corroded specimen in DEA system, and (c) 
corroded specimen in PZ system (highlighted area indicating pits 
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The corrosiveness of CS1018 was further investigated for five blended amines: MEA-PZ, MEA-
AMP, MEA-MDEA, MDEA-PZ mixtures with total concentrations of 5.0 kmol/m3 with 1:1 molar mixing 
ratios at two different temperatures (40 and 80°C) and under CO2 saturated conditions. Results in Fig. 4 
show that the corrosiveness can be ranked as follows: MEA- -AMP > MEA-MDEA > MDEA-
PZ. The blends containing MEA yield higher corrosion rates than the rest. Heavy disruption in the passive 
zone was observed in the AMP blends (MEA-AMP and AMP-PZ) as evident from Fig. 4-a. Upon surface 
analysis by XRD, a major corrosion product was found to be iron carbonate (FeCO3). At 80°C, pitting 
tendency was identified with the MEA-PZ and MEA-MDEA blends (Fig. 5). 
 
 
 
-1.2
-0.8
-0.4
0.0
0.4
0.8
-8 -7 -6 -5 -4 -3 -2 -1
Po
te
nt
ia
l  
(V
 v
s A
g/
A
gC
l)
log current density (A/cm2)
MEA-PZ
MEA-AMP
MEA-MDEA
MDEA-PZ
AMP-PZ
0.0
1.0
2.0
3.0
4.0
C
or
ro
si
on
 ra
te
 (m
m
py
)
 
                 (a)       (b) 
 
Fig. 4.  Polarization behaviour of CS1018 in blended amine systems under 5.0 kmol/m3 (1:1 molar ratio) 
concentration at CO2 saturation & 80°C (a) polarization behaviours and (b) corrosion rate 
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Fig. 5.  Localized corrosion behaviour of CS1018 in blended amine systems under 5.0 kmol/m3 (1:1 molar ratio) 
concentration at CO2 saturation & 80°C (a) MEA-PZ and (b) MEA-MDEA blends 
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The properties of amine solutions, i.e., pH, conductivity, and CO2 loading of the solution, were 
analyzed to determine their relationship with corrosion rate, which is useful for corrosion monitoring. As 
illustrated in Fig. 6, pH and CO2 loading of solution are not correlated with corrosion rate whereas 
conductivity of the solution exhibits a linear relationship with the corrosion rate. This suggests that the 
conductivity can be used as a corrosion indicator for corrosion monitoring and prediction purposes.  
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Fig. 6.  Correlation plot for corrosion rate of CS1018 with properties of amine solution in all tested amine systems 
including single and blended amines (a) pH, (b) Conductivity, and (c) CO2 loading of solution 
 
   
4. Conclusion 
The corrosion rate of carbon steel in single amine systems saturated with CO2 decreases in the 
following order: MEA > AMP > DEA > PZ > MDEA. Pitting corrosion can occur in DEA and PZ 
systems. The corrosion rate in blended amine systems decreases in the following order:  MEA-
MEA- -MDEA > MDEA-PZ > AMP-PZ. Pitting corrosion can occur in MEA-PZ and MEA-
MDEA blends. Conductivity can be used as a corrosion indicator for corrosion monitoring purposes. 
 Prakashpathi Gunasekaran et al. /  Energy Procedia  37 ( 2013 )  2094 – 2099 2099
Acknowledgements 
The financial support from the Natural Sciences and Engineering Research Council of Canada 
(NSERC) is gratefully acknowledged. 
References 
[1] Tems R, Al-Zahrani A. Cost of corrosion in gas sweetening and fractionation plants, Corrosion 2006; NACE International, 
Paper No. 06444. 
[2] Froning HR, Jones JH. Corrosion of mild steel in aqueous monoethanolamine, Ind. Eng. Chem. 1958; 50(12): 1737-1738. 
[3] Veawab A, Tontiwachwuthikul P, Chakma A. Corrosion behaviour of carbon steel in the CO2 absorption process using 
aqueous amine solutions. Ind. Eng. Chem. Res. 1999; 38(10): 3917-3924. 
[4] Kladkaew N, Idem R, Tontiwachwuthikul P, Saiwan C. Corrosion behaviour of carbon steel in the monoethanolamine  
H2O  CO2  O2  SO2 system: Products, Reaction Pathways, and Kinetics. Ind. Eng. Chem. Res. 2009; 48(23): 10169-10179. 
[5] Kittel J, Fleury E, Vuillemin B, Gonzalez S, Ropital F, Oltra R. Corrosion in alkanolamine used for acid gas removal: From 
natural gas processing to CO2 capture. Materials and Corrosion 2010; 61 (9999): 1-8. 
[6] Hamah-Ali B, Ali BS, Yusoff R, Aroua MK. Corrosion of carbon steel in aqueous carbonated solution of MEA/ [bmim] 
[DCA], Int. J. Electrochem. Sci. 2011; 6: 181-198. 
 [7] Kohl AL, Nielsen RB. Gas Purification. 5th ed. Houston, Texas: Gulf Publishing Co.; 1997. 
 
